Introduction
Major depressive disorder (MDD) is a chronic and recurring condition that affects more than 120 million people worldwide and ranks among the top ten causes of global disability. 1, 2 Patients with MDD report substantial deficits in daily functioning 3 that equal or exceed those associated with other severe chronic medical conditions, such as diabetes and congestive heart failure. 4 Multiple domains of functioning may be impaired; 4 consequently, MDD can have a significant impact on both quality of life and work productivity. 5, 6 correspondence: Maëlys Touya lundbeck llc, 6 Parkway North, Deerfield, IL 60015, US Tel +1 224 727 7423 email mtou@lundbeck.com
In terms of clinical management of MDD, the primary objective is to achieve remission. However, despite therapeutic advances, a considerable proportion of patients fail to achieve this goal. Meta-analyses of results of controlled clinical trials have generally shown remission rates of 30%-50% after 6-8 weeks of treatment with currently available antidepressants. [7] [8] [9] [10] [11] [12] Remission rates are even lower in routine practice settings. In the US STAR*D study -a large trial designed to assess the efficacy of sequential acute treatments for MDD -only 30%-40% of patients achieved remission after adequate treatment with a firstline antidepressant. 13, 14 In addition, approximately a third of patients failed to achieve remission after trials of as many as four different antidepressants.
14 A 12-week remission rate of 31.4% was reported in the South Korean Clinical Research Centre for Depression study. 15 Beyond its clinical consequences, failure to achieve remission in MDD is associated with subsequently higher annual health-care resource utilization and expenditure. [16] [17] [18] [19] For patients who have achieved remission, the objective of clinical management is to prevent relapse. However, prevention of relapse in patients who achieve remission is also a challenge for current treatments. In STAR*D, the 6-month relapse rate was 34%-83%, depending on the phase of treatment. 13 Patients who relapse within 6 months of remission have been shown to have a far worse course of depression over the next 5 years than those who do not relapse within this period of time, as indicated by a significantly greater proportion of time spent with higher levels of severity of depressive symptoms and fewer asymptomatic weeks. 20 Awareness of sociodemographic or clinical factors that may be associated with failure to achieve remission in patients with MDD or with an increased risk of subsequent relapse in patients who do achieve remission may help to improve clinical management by enabling identification of patients who may require more intensive follow-up and care. Sociodemographic factors that have previously been reported to be associated with failure to achieve remission of MDD include sex, 21, 22 educational level, 21 ,23 employment status, 21, 23 and marital status; 24 clinical factors include depression severity in the acute phase, 25, 26 concomitant mental or chronic medical disorders, 21, 22 and lower functioning and quality of life at baseline. 21, 24 Factors that have been reported to be associated with relapse in patients with MDD include chronicity (ie, presence of previous depressive episodes) 27, 28 and presence of residual mood symptoms. 29 Many studies have been undertaken to identify factors that may be associated with poor treatment outcomes in MDD; however, the majority of these have been in highly selected patient populations, which may limit generalization of the findings to routine clinical practice.
The Prospective Epidemiological Research on Functioning Outcomes Related to Major Depressive Disorder (PER-FORM) study is an observational cohort study initiated to better understand the course of a depressive episode and its impact on patient functioning over a 2-year period in outpatients with MDD in real-world settings in five European countries. This paper reports planned analyses undertaken to examine potential sociodemographic or clinical factors associated with failure to achieve remission at month 2 and with subsequent relapse at month 6 for patients in remission at month 2. Factors explored included those previously identified in the literature and others, such as cognitive symptoms, which have been identified more recently as relevant in the course of depression and thus have been less extensively studied to date.
30,31

Materials and methods study design
This was a 2-year multicenter, prospective, noninterventional cohort study in outpatients aged 18-65 years with a current diagnosis of MDD (Diagnostic and Statistical Manual of Mental Disorders [DSM]-IV-TR) enrolled by either a primary care physician or a psychiatrist in France, UK, Spain, Germany, and Sweden. This study is registered with ClinicalTrials.gov (NCT01427439). Enrolled patients were either initiating antidepressant monotherapy or undergoing their first switch of antidepressant for a new episode of major depression, with the choice of antidepressant used based on the clinical judgment of the treating physician. Patients receiving antidepressant combination therapy at the time of the initial consultation and patients with schizophrenia or other psychotic disorders, bipolar disorder, substance dependence, mood disorders due to a general medical condition or substances, dementia, or other neurodegenerative diseases significantly impacting cognitive functioning were excluded from study entry. Pregnant women and women 6 months' postpartum were also excluded.
ethics approval and consent to participate
Ethical approval was obtained for each study site before study initiation following country regulations regarding observational studies: 
study assessments and data collection
Study assessments and data collection occurred during routine visits within the normal course of care at baseline, 2 months (±3 weeks), and 6 months (±1 month), after which data were collected approximately every 6 months up to 2 years. Patient characteristics recorded included demographic information, history of MDD, characteristics of the current episode of depression, MDD management and resource use, and the presence of any other mental disorder or functional syndrome.
Clinical severity of depression was assessed at all visits by patients using the nine-item Patient Health Questionnaire (PHQ-9) 32 and by all participating investigators using the Clinical Global Impressions-severity of illness scale (CGI-S). 33 The Montgomery-Åsberg Depression Rating Scale (MADRS) 34 was also administered when patients were recruited by psychiatrists. Patient-reported cognitive function was assessed using the five-item Perceived Deficit Questionnaire (PDQ-5), which assesses subjective cognitive symptoms (impairments in memory, concentration, and executive function) over the past 4 weeks. 35, 36 Total score range is 0-20, with higher scores reflecting greater impairment.
Psychiatrists also assessed the severity of anxiety symptoms using the Hamilton Anxiety Rating Scale. 37 Other patient-reported questionnaires administered included the Sheehan Disability Scale, 38 the Work Productivity and Activity Impairment Questionnaire, 39 the 12-item Short-Form Health Survey (SF-12), 40 the EuroQol questionnaire (EQ-5D three-level version; in UK patients only), 41 the Arizona Sexual Experiences Scale, 42 and the four-item MoriskyGreen Medication Adherence Scale. 43 
Outcomes
The primary definition of remission at the 2-month visit was PHQ-9 total score 9.
32 If PHQ-9 score was missing, then MADRS total score was used for patients recruited by psychiatrists; remission was defined as a MADRS score 10. 44, 45 If MADRS score was missing, then remission was defined as a CGI-S score 2. 46 For patients in remission at 2 months, relapse at the 6-month visit was defined as: (i) treatment modification (switch or combination) for lack of efficacy at the 6-month visit; 47 or (ii) PHQ-9 total score 10 at the 6-month visit, 32 or MADRS total score 22 at the 6-month visit if PHQ-9 was missing, 48 or CGI-S score 4 at the 6-month visit if PHQ-9 and MADRS were missing. 48 Relapse status was classified as ambiguous for patients who met criteria for both remission and relapse at month 6 or who were neither remitters nor relapsers at month 6 (eg, MADRS score of 11-21 if PHQ-9 was missing or CGI-S score of 3 if PHQ-9 and MADRS were missing).
statistical analysis
The population for analysis comprised all patients who met study inclusion criteria and for whom at least one postbaseline assessment was recorded. Clinically relevant variables recorded at baseline were tested in univariate logistic regression analyses for association with failure to achieve remission at month 2. Clinically relevant variables recorded at baseline and/or at or up to month 2 were tested in univariate logistic regression analyses for association with subsequent relapse at month 6 in patients who achieved remission at month 2. The variables included in these univariate analyses were selected based on literature review and clinical evaluation ( Table 1) . Variables with P0.20 in the univariate analyses were then combined in a multiple logistic regression model to which backward variable selection was applied (ie, sequential removal of the least significant variable from the model and recomputation of the model until all remaining variables had P0.05). Four factors were forced into the model as adjustment variables because they were identified as potential confounders: country, age, sex, and PHQ-9 total score (at baseline for the remission analysis and at month 2 for the relapse analysis).
Results are presented as ORs with 95% CIs. By default, ORs for assessment scales and for continuous outcomes are given per additional unit. To account for the differences in metrics between scales, ORs for assessment scales were also estimated per additional 0.5 SD to provide a standardized measure and enable comparisons between scales. Supportive analyses were performed by using a forward-selection process instead of backward selection. In addition, for the analysis of factors associated with relapse, alternative definitions for remission and relapse were used to investigate the effect of the PHQ-9 thresholds applied in the study. Alternative definitions included reducing the cutoff used to define remission, placing MADRS before PHQ-9 in the composite definition of remission, increasing the cutoff used to define relapse, and imposing a defined minimum change in PHQ-9 score. These later analyses were conducted using the final model identifying factors associated with relapse at month 6 for patients in remission at month 2 obtained by backward selection. All statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC, US).
Results
Patients
A total of 1,895 patients were screened, of whom 1,402 were enrolled in the study. The first patient was screened on February 25, 2011, and the last patient completed the study on February 19, 2015 . In all, 1,159 (82.7%) patients were included in the population for analysis. Reasons for exclusion from the analysis population were violation of at least one of the inclusion and/or exclusion criteria at baseline (n=167) or lack of Previous depressive episode 27, 28 comorbidities at least one other concomitant mental disorder 21, 57 at least one chronic medical condition 21, 22 Chronic pain or fibromyalgia 22 at least one anxiety symptom/disorder 21, 25, 56, 58 at least one concomitant mental disorder 53, 59, 60 at least one chronic medical condition Chronic pain or fibromyalgia 51 at least one anxiety symptom/disorder (M2) PhQ-9 total score 25, 26, 56 cgi-s score 25, 26 PDQ-5 total score WPai-shP score 21, 65 sF-12 -Pcs score 21, 24 sF-12 -Mcs score 21, 24 sexual dysfunction a suicide attempt (pre-M2) 60 PhQ-9 total score (M2) 51, 66 cgi-s score (M2) 51, 66 PDQ-5 total score (M2) WPai-shP score (M2) postbaseline data (n=101, including 76 who met the inclusion criteria at baseline). The majority of patients were enrolled and followed up by primary care physicians (n=969; 83.6%). At the start of the study, 78.7% of patients were initiating antidepressant treatment and 21.3% were switching antidepressant; the treatment status of two patients was unknown.
Remission status was available for 1,112 of the 1,120 patients who attended a month 2 visit (99.3%). Of these 1,112 patients, 330 were in remission (29.7%). Of the 330 patients in remission at month 2, 300 had known relapse status at month 6 (90.9%). Of those, 59 (19.7%) had relapsed at month 6, 226 (75.3%) were in sustained remission, and remission status was ambiguous for 15 (5.0%). Tables 2 and 3 Factors associated with failure to achieve remission at month 2 Statistically significant results (P0.05) were observed for 18 of the 30 factors of interest included in the univariate analyses ( Table 1) : switch of antidepressant, body-mass index (BMI), tobacco use, educational level, time since beginning of this depressive episode, at least one other concomitant mental disorder, chronic pain or fibromyalgia, hospitalization for depression during the 12 weeks before baseline, suicide attempt before baseline, sick leave during the 12 months before baseline, current psychotherapy, PHQ-9 total score, PDQ-5 total score, CGI-S score, percentage activity impairment due to problem, SF-12 physical component summary (PCS), SF-12 mental component summary (MCS), and sexual dysfunction. Living area and at least one chronic medical condition were not statistically significant in univariate analyses; however, since the P-values for these factors were below 0.20, they were also included in the multivariate analysis.
In addition to the four forced adjustment factors (country, age, sex, and PHQ-9 total score at baseline), the final multivariate analysis model retained four factors with P0.05 from the backward-selection process: BMI, time since beginning of this depressive episode, current psychotherapy, and sexual dysfunction (Table 4) . Among the forced factors, country and PHQ-9 total score were statistically significant. The odds of achieving remission at month 2 were significantly lower for obese patients (BMI 30 kg/m 2 ), patients with a longer time since the beginning of the depressive episode (8 weeks vs 4 weeks), patients who were in psychotherapy at the beginning of the study, and patients who had sexual dysfunction. The odds of achieving remission at month 2 were 13% less likely when the PHQ-9 total score increased by 1 unit (P0.001) and 30% less likely when PHQ-9 total score Notes: n refers to the total number of patients in each subgroup; as not all patients provided data for all parameters, n is not the denominator for all percentage calculations, and the actual denominator varies between parameters.
a Percentages refer to patients "probably" or "definitely" presenting clinically significant symptoms of anxiety according to physician; b patients were categorized as having sexual dysfunction if their total aseX score was 19 or their score was 5 for one item or 4 for at least three items. The results of the supportive analysis using the forwardselection process were consistent with those obtained using the backward-selection process (base-case analysis). In particular, the same factors were retained by both selection processes. The only factor among those initially selected that had a P-value between 0.05 and 0.10 when removed from the multivariate models during the backward-selection process was suicide attempt before baseline (P=0.0624) (Table S1 ).
Factors associated with relapse at month 6
Statistically significant results (P0.05) were observed for six of the 30 variables of interest selected to perform the univariate analyses (Table 1) : marital status, PHQ-9 total score, PDQ-5 total score, percentage activity impairment due to problem, SF-12 MCS, and suicide attempt (before baseline or between baseline and month 2). CGI-S, SF-12 PCS, and switch of antidepressant (at baseline, between baseline and month 2, or at month 2) were not statistically significant in univariate analyses, but were included in the multivariate analysis (P0.20).
In addition to the four forced adjustment factors (country, age, sex, and PHQ-9 total score at month 2), the final multivariate analysis model retained two factors with P0.05 from the backward-selection process: marital status and PDQ-5 total score at month 2 (Table 5) . Among the forced factors, sex and PHQ-9 total score were statistically significant. The odds of experiencing relapse at month 6 were significantly higher for male patients and patients who were married or living as a couple. Each additional unit of PDQ-5 total score (range 0-20) at 2 months was associated with a 12% increase in the odds of relapse at 6 months (P=0.042). Each additional unit of PHQ-9 total score (range 0-27) at 2 months was associated with a 27% increase in the odds of relapse at 6 months (P=0.030). The standardization process to account for the difference in metrics between the two scales showed an additional 0.5 SD in PDQ-5 total score (2.16 units) and PHQ-9 total score (1.18 units) at 2 months to be associated with a similar increase in the odds of relapse at 6 months.
The results of the supportive analysis using a forwardselection process were identical to those obtained using the backward-selection process (base-case analysis). The same factors were retained by both selection processes. The ORs for association with PDQ-5 and PHQ-9 scores were consistent across all alternative definitions of remission and relapse tested, ranging from 1.07-1.14 and 1.08-1.33, respectively ( Figures S1 and S2 ). The only two factors among those initially selected that had P-values between 0.05 and 0.10 when they were removed from the multivariate models during the backward-selection process were suicide attempt before baseline or up to month 2 (P=0.0844) and SF-12 PCS score at month 2 (P=0.0667) (Table S2 ).
Discussion
Results of this study suggest that different sociodemographic and clinical factors may be associated with failure to achieve remission compared with relapse in patients with MDD. Baseline sociodemographic and clinical factors that appeared to be associated with a reduced likelihood of achieving remission at month 2 were severity of depression (assessed by PHQ-9 total score), obesity, longer duration of depression, being in psychotherapy, and sexual dysfunction. The finding that baseline severity of depression and longer duration of depression were associated with the likelihood of remission was expected. 15, 21, 68 Other studies have also suggested that overweight or obese patients may be less likely to achieve remission of MDD. 50 The finding that baseline sexual dysfunction increased the likelihood of failing to achieve remission was more unexpected. Although sexual dysfunction is known to be linked to serotonergic neurotransmission and to be associated with depression and antidepressant treatment, sexual dysfunction may also be a trigger for depression. 69, 70 Our finding could support this hypothesis. If sexual dysfunction plays a role in the onset of depression, then it is reasonable to assume that it will be associated with the prognosis; however, this clearly requires confirmation in further studies. In patients on antidepressant therapy, low adherence related to treatmentemergent sexual dysfunction can also be hypothesized. 69, 71 The finding that current psychotherapy was associated with a lower likelihood of remission at 2 months was also unexpected. However, in the context of this analysis, being in psychotherapy should be considered as a patient characteristic indicating chronicity of depression or more complex disease (such as double depression or depression associated with personality disorders), rather than as a treatment intervention. This was supported by results of complementary analyses undertaken to explore this finding (Table S3 ). The observed association between country and likelihood of achieving remission is difficult to interpret, as it might stem from many different sources, including differences in clinical practice among participating countries, such as differences in the proportion of patients treated by psychiatrists and the type of antidepressant received.
Factors that appeared to be associated with an increased likelihood of relapse at month 6 in patients in remission at month 2 in this study were male sex, being married or living as a couple, residual depressive symptoms, and residual patient-reported cognitive symptoms. The role of sex as a factor associated with relapse in MDD remains uncertain, with previous studies yielding conflicting data. 21, 22, 27, 64 The relationship between marital status and depression is also complex; however, previous studies have shown low relationship satisfaction to be a risk factor for depression, which might explain the observed association between being married or living as a couple and relapse in this study. [72] [73] [74] With regard to the association of higher PHQ-9 total score with increased likelihood of relapse, it is well documented that residual depressive symptoms after remission are associated with an increased risk of subsequent relapse in patients with MDD. 29, 66, 75 It is not known how cognitive symptoms may influence clinical outcome in patients with MDD. Recent data suggest that cognitive impairment is a frequent residual symptom of MDD and a principal mediator of occupational impairment in patients in remission. 76, 77 Residual cognitive symptoms may also lead to persistent psychosocial impairment, or cognitive dysfunction may be associated with a cognitive affective bias. 30 Cognitive symptoms might also impair adherence to treatment; however, data on this topic are lacking.
To our knowledge, this is the first demonstration that residual patient-reported cognitive symptoms may be associated with subsequent relapse in patients with MDD. In this analysis, each additional unit of PDQ-5 total score at month 2 was associated with a 12% increase in the odds of relapse at month 6. The magnitude of effect for residual patientreported cognitive symptoms at month 2 was comparable to that of depressive symptoms at month 2 when expressed in terms of a change of 0.5 SD to account for the difference in metrics between the PDQ-5 and PHQ-9 scales (range 0-20 and 0-27, respectively). The extensive control for known factors associated with relapse in the final model and the supportive analyses demonstrate the consistency of these findings. These results need to be confirmed in further studies using objective tests of cognitive function. However, these findings suggest a role for assessment of cognitive functioneven with simple questions and in all settings, including primary care practices -to identify patients at higher risk of subsequent relapse after remission of MDD. While these results confirm that residual mood symptoms are a good target for detection of patients at risk of relapse of MDD, 78, 79 they also imply that therapeutic interventions that reduce residual cognitive dysfunction in patients with MDD who achieve remission could potentially lead to reduced risk of relapse. However, this requires confirmation in further studies before definitive recommendations can be made.
In this study, the remission rate at month 2 was 29.7%; this is lower than typically reported in clinical trial settings, but is in line with the remission rate reported in more naturalistic studies, such as STAR*D. 13 The relatively low remission rate highlights the fact that achieving remission is still a major unmet need for patients with MDD. The relapse rate at 6 months in this study was 19.7%, which is lower than that reported in STAR*D. 13 However, this may be at least in part due to the fact that there was only a 4-month interval between assessment of remission and relapse in this study; relapse rates are more typically assessed up to 6 months after achieving remission in clinical trials. An interesting next step will be to analyze relapse rates over longer follow-up.
Remission and relapse needed to be precisely defined in this study. Composite definitions relying on several different assessments were used to increase the likelihood of capturing remission and relapse, and to minimize the impact of missing data. PHQ-9 total score was chosen as the first criterion for these composite definitions. The PHQ-9 is a brief, selfadministered questionnaire specifically developed for evaluation of the severity of depressive symptoms, 32 and is widely used in both research settings and clinical practice. PHQ-9 total score was assessed for all patients in the study, regardless of the setting (primary or specialized care). The second criterion used was MADRS total score. 34 The MADRS is widely used to assess depression severity in randomized clinical trials of antidepressant therapy. 80, 81 This scale requires training to ensure reliable scoring, and was thus administered only by psychiatrists in this study; however, the majority of patients (83.6%) were enrolled and followed up by general practitioners. The investigator-administered CGI-S was the final criterion for the composite definitions of remission and relapse; however, CGI-S score was only used if data were unavailable for both of the previous scales, as this assessment scale is not specific for depression. The composite definition of relapse included an additional criterion related to need for treatment modification for lack of efficacy at the 6-month visit. This criterion was added to capture the clinical evaluation of the physician, and is commonly used in definitions of relapse in relapse-prevention clinical trials.
Cutoff values for remission based on MADRS and CGI-S scores are well established. [44] [45] [46] 82 In contrast, several different cutoff values have been proposed for remission on the PHQ-9 scale. A PHQ-4 total score 5 has been used to define remission in some observational studies. 56, 83, 84 However, this is based on the theoretical absence of depressive symptoms at this score, rather than an accepted definition of remission. 32, 85 Validation studies of the PHQ-9 scale established a score of 10 or higher as the cutoff for a diagnosis of depression. 32 A recent meta-analysis found the PHQ-9 to have acceptable diagnostic properties for detecting MDD for cutoff scores between 8 and 11. 86 However, the scale was found to be sensitive to clinical setting, which could affect the number of false positives and thus necessitate adapting the PHQ-9 cutoff used for remission in individual studies. Available data indicate an optimal threshold to define remission of between 7 and 12 on the PHQ-9 when compared with the CGI-S, and between 9 and 13 when compared with the MADRS, supporting the selected cutoff of 9 for the definition of remission used in this study. Indeed, this cutoff value has been used in other studies. 87, 88 With this definition, there is no gap between remission and relapse on the PHQ-9. To test if this induces a risk of misclassification of patients that could lead to biased estimates, additional supportive analyses using alternative definitions of remission and relapse were undertaken for the current study; using different thresholds yielded similar ORs for PDQ-5 and PHQ-9 effect at month 6.
A key strength of this study is that it was performed in a real-world setting with longitudinal follow-up of a large cohort of patients, the majority of whom were enrolled and followed up by primary care physicians. This suggests that the study findings are applicable to routine clinical practice, where patients with MDD are typically treated in primary care settings. In addition, the analysis was based on variables identified from a literature review as being clinically relevant factors. The literature review yielded concepts and notions that we tried to capture using available PERFORM data. For example, substance abuse is captured both by the tobacco-use covariate and the concomitant mental disorder covariate. Some variables were added to the list of covariates, as they were considered important for the outcome of the disease (eg, disease management and important life events). Country, age, sex, and PHQ-9 total score (at baseline for the remission analysis and at month 2 for the relapse analysis) were forced into the model as adjustment variables, because they were identified as potential confounders. The effects of treatment in the study population were addressed via covariates reflecting the type of treatment (psychotherapy) and meaningful treatment patterns (treatment switch, treatment stop, and line of treatment). The drug received was not taken into account, as the study design and data-collection method did not allow for assessment of treatment effect.
A potential limitation is the fact that the PHQ-9 is completed by patients, while the MADRS and CGI-S are completed by physicians, which may have introduced differences in estimation of rates of remission and relapse between the different measures. For analysis of factors associated with relapse in patients who were in remission at month 2, fewer variables were selected from the univariate analysis; this is most likely due to the relatively limited sample size. Nevertheless, results of the supportive analyses using the forward-selection process were consistent with the ORs obtained using the backward-selection process, confirming the robustness of the statistical model. Regarding relapse, it is important to note that this study was observational and differs in design from relapse-prevention trials. In particular, there was only a 4-month interval between assessment of remission and relapse in this study. In addition, cognitive dysfunction was assessed using a patient-reported questionnaire, and little has been published regarding the extent to which PDQ-5 score reflects or is correlated with objective measures; however, this is relevant from a routine-practice perspective, as objective neuropsychological tests are not used in primary care settings.
Conclusion
In summary, results of this large observational study suggest that certain sociodemographic and clinical characteristics may be associated with an increased likelihood of failure to achieve remission in patients with MDD or with subsequent relapse in patients who do achieve remission. In particular, cognitive dysfunction appears to be an easily measurable patient characteristic that may be associated with an increased likelihood of relapse at 6 months in patients who have achieved remission. This finding suggests that therapeutic interventions that reduce residual cognitive dysfunction in patients who achieve remission could lead to a reduced risk of relapse of MDD. Further studies are needed to confirm this and to provide evidence on the magnitude of the effect and its importance for clinical practice. 
